A new technique for the selective isolation of actinomycetes from natural mixed microbial populations is described. A nutrient agar medium was overlaid with a 0.22-to 0.45-pm-pore cellulose ester membrane filter, and the surface of the filter was inoculated. During incubation, the branched mycelia of the actinomycetes penetrated the filter pores to the underlying agar medium, whereas growth of nonactinomycete bacteria was restricted to the filter surface. The membrane filter was removed, and the agar medium was reincubated to allow the development of the isolated actinomycete colonies. This procedure selects actinomycetes on the basis of their characteristic mycelial mode of growth, offers a general method for their selective isolation, and does not rely on the use of special nutrient media or of antibacterial antibiotics.
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The actinomycetes are a group of bacteria which possess many important and interesting features. They are of considerable value as producers of antibiotics and of other therapeutically useful compounds, they exhibit a range of life cycles which are unique among the procaryotes, and they appear to play a major role in the cycling of organic matter in the soil ecosystem (7, 15) .
The isolation of actinomycetes from the mixed microflora present in nature is complicated by their characteristic slow growth relative to that of other soil bacteria. This has resulted in the development of selective isolation procedures based primarily on one or both of the following approaches: (i) nutritional selection, in which media are formulated with nutrients which are preferentially utilized by actinomycetes (4) (5) (6) (8) (9) (10) , and (ii) selective inhibition, in which compounds such as antibiotics are incorporated into media to selectively inhibit non-actinomycete bacteria (3, 6, 11, 16) . The major difficulties with each of these approaches are that neither is strictly selective for actinomycetes and that each has the inherent potential to actually inhibit the growth of some actinomycetes. We report here a method for the isolation of actinomycetes which is simple, selective, and based on an entirely new approach.
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RESULTS
Isolation procedure. Actinomycete colonies growing on agar media characteristically extend onto and well beneath the agar surface (14) . In contrast, colonies of non-actinomycete bacteria generally limit their growth to the immediate agar surface. It was expected that selective isolation of actinomycetes could be achieved by placing a suitable barrier between the growing bacterial colonies and the agar surface which would allow only actinomycetes to penetrate to the underlying agar. A cellulose ester membrane filter of proper pore diameter was found to provide such a barrier. A procedure that uses membrane filters for the isolation of actinomycetes from mixed microbial populations was developed (Fig. 1 ). An agar medium was overlaid with a sterile membrane filter (Fig. 1 A) without trapping air between the filter and the agar surface. During application to the agar, the filter must not be allowed to crack or a The percent recovery was calculated as the number of actinomycete colonies present on the agar divided by the number of actinomycete colonies present on the filter surface, multiplied by 100.
b Recovery of >100% after 4 days reflects the difficulty of recognizing and counting actinomycete colonies which had been overgrown by other bacteria on the filter surface.
inoculum was then applied to the filter surface, and the inoculated plates were incubated until visible growth of bacteria occurred (Fig. 1B ). The membrane filter was then removed aseptically from the agar medium (Fig. 1C) , and the plate was reincubated until growth was observed. As shown in Fig. 1D , the colonies present on the plate were exclusively actinomycetes. Our experience has shown that two factors are particularly important in achieving success with the method. (i) Since penetration of the membrane filter by actinomycetes is necessary to achieve a physical separation of actinomycete and non-actinomycete colonies, it is important to choose culture conditions that will encourage growth and colony formation by the desired actinomycetes. (ii) The application of the inoculum must be limited to the central area of the filter, maintaining at least a 1.0-cm-wide sterile border along the filter edge. This precaution will prohibit growth of non-actinomycete bacteria over the edge of the filter and onto the underlying agar surface.
Effect of filter pore size on actinomycete selection. Membrane filters of different pore sizes were tested for their ability to select actinomycetes exclusively. Plates of CMS and modified Bennett medium were overlaid with filters of 3.0-, 2.0-, 1.0-, 0.65-, 0.45-, 0.30-, 0.22-, 0.10-, 0.05-, and 0.01-p.m-pore diameters. The filters were inoculated with particles of soil and incubated at 28°C. After 4 days, the filters were removed, and the plates were reincubated for 4 days to allow growth of the colonies. The bacterial populations selected by the filters of different pore sizes were evaluated macroscopically and microscopically for the presence of nonactinomycete or actinomycete colonies or both.
It was found that filters with a pore diameter of >:0.65 p.m did not discriminate between actinomycetes and other types of bacteria, whereas filters with a pore diameter of s0.10 p.m blocked penetration to the agar of all bacteria, even after incubation for up to 10 days. Only filters in the pore size range of 0.45 to 0.22 p.m were observed to allow exclusive penetration of actinomycetes.
Effect of pore size on the efficiency of recovery from agar of actinomycetes on the filter surface.
Replicate plates of CMS overlaid with 0.22-, 0.30-, and 0.45-p.m-pore filters were inoculated, and at 1-day intervals, one set of plates was removed from incubation and the number of actinomycete colonies present on each of the three filters of different pore sizes was counted. The filters were then removed, and the plates were reincubated to allow development of actinomycete colonies on the agar. The number of colonies present on the agar was then counted, and the percent recovery was determined as described in footnote a of Table 1 . The results show ( Table 1 ) that after 3 days of incubation, the 0.45-p.m-pore filters yielded the highest percent recovery of actinomycete colonies. Filters of 0.30-pm-pore diameter were only about 50% as efficient as 0.45-p.m-pore filters after 3 days, whereas 0.22-p.m-pore filters yielded the lowest percent recovery.
The data in Table 1 also indicate the time required for the penetration of actinomycete colonies through the filters. For example, on plates overlaid with 0.45-p.m-pore filters, only a 2.3% recovery of actinomycetes was observed after 2 days of incubation. After 3 days of incubation, however, almost 100% of the actinomycetes were recovered on the agar. It appears that penetration of the filters by actinomycetes is a process closely related to growth of the colonies.
Penetration mechanism. The importance of the pore diameter in determining whether a membrane filter was penetrated by actinomycetes and the time required for actinomycetes to penetrate a filter suggested that the penetration mechanism involved growth of hyphae through the filter pores and not digestion of the filter matrix. This was investigated by scanning electron microscopy of a cross section of an actinomycete colony which penetrated a 0.22-p.m-pore membrane filter (Fig. 2) 
